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Background: Hypercalciuria is one of the most common causes of unexplained isolated 
hematuria. The diagnostic methods for hypercalciuria have not yet been standardized. 
The aim of this study was to assess whether random urinary calcium/creatinine ratio could 
be used as a screening tool for hypercalciuria in children with hematuria. 

Methods: This prospective study included 264 children with primary hematuria for whom 
both random and 24 hr urinary evaluations were performed. Pearson correlation and ROC 
curve were used to assess the correlations. A multiple linear regression model was used to 
analyze effects of age, weight, height, body mass index, and body surface area on random 
urinary calcium/creatinine ratio. 

Results: There was a moderately strong correlation between random urinary calcium/cre- 
atinine ratio and 24 hr urinary calcium excretion (r=0.584, P<0.001). The most appro- 
priate cutoff value of random urinary calcium/creatinine ratio for the estimation of hyper- 
calciuria was 0.075 mg/mg (sensitivity, 77.8%; specificity, 64.3%; area under the curve, 
0.778). Body mass index and 24 hr urinary calcium excretion significantly affected ran- 
dom urinary calcium/creatinine ratio with a low coefficient of determination (r 2 =0.380, 
P<0.001). 

Conclusions: Random urinary calcium/creatinine ratio is not suitable for screening hyper- 
calciuria in children with hematuria. Twenty-four hour urinary analysis should be per- 
formed to diagnose hypercalciuria in children with hematuria. 
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INTRODUCTION 

Hypercalciuria is one of the most common causes of unex- 
plained isolated hematuria and urinary stones in children [1]. 
Hypercalciuria can cause recurrent abdominal pain, flank pain, 
dysuria, urgency, nocturnal enuresis, and reduction in bone 
mineral density [2-4]. The prevalence of hypercalciuria varies in 
different countries and has been estimated at 0.6% in the Japa- 
nese children and 38.6% in the Kazakh children [5, 6]. In the 
Korean children, the prevalence of hypercalciuria was reported 
to be 4.8-6.3% [7, 8]. However, the methods used to diagnose 
hypercalciuria have not been standardized. Although the mea- 



surement of urinary calcium excretion using 24 hr urinary analy- 
sis is essential for the diagnosis of hypercalciuria, the procedure 
is often difficult to apply in young children. Thus, random urinary 
calcium/creatinine ratio (UCa/Cr) has been used to overcome 
such difficulties. However, the replacement of 24 hr urinary cal- 
cium excretion (24hCa) with UCa/Cr is controversial. Some re- 
ports have found strong correlations [9, 10], but the other stud- 
ies have not found convincing evidence [11, 12]. Furthermore, 
the cutoff value of UCa/Cr that would allow screening for hyper- 
calciuria has not been established precisely, and this ratio varies 
with age and geographic location [13-15]. In Korea, UCa/Cr 
>0.20 mg/mg has been used as an accepted cutoff value for 
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screening children of 3 yr or more with hypercalciuria [16]. 

Most previous studies on the correlation between UCa/Cr and 
24hCa have involved healthy children [9, 11, 17]. In the litera- 
ture, few studies have published data on the correlation of UCa/ 
Cr and 24hCa with symptoms of potential hypercalciuria [10, 
12]. The aims of this study were to determine the correlation be- 
tween UCa/Cr and 24hCa and to assess whether UCa/Cr could 
be used for screening hypercalciuria in children with isolated 
gross or microscopic hematuria. 

METHODS 

1. Patients and study design 

This prospective study was conducted in the pediatric nephrol- 
ogy clinic of our hospital between January 2006 and June 2011. 
Patients who presented with isolated gross or microscopic hema- 
turia were enrolled in the study. Gross hematuria was defined as 
visible bloody urine that occurred one or more times. Micro- 
scopic hematuria was detected by the primary care physician in 
a random urine specimen and was confirmed by a microscopic 
examination of the urine sediment showing more than 5 red 
blood cells per high-power field. Exclusion criteria were as fol- 
lows: 1) not toilet-trained, 2) receiving any drugs, 3) decreased 
renal function, 4) diagnosed with any glomerular disease, 5) di- 
agnosed with nephrolithiasis, or 6) diagnosed with infectious dis- 
ease at the time of presentation. Physical examinations were 
performed for all enrolled patients, and their heights and weights 
were noted. 

The study protocol was approved by the Institutional Review 
Board of our hospital. The recommendations of the Declaration 
of Helsinki for biomedical research involving human subjects 
were followed. 

2. Urine collection and analysis 

Patients were given a urine collection cup, a urine container, and 
written instructions for urine collection. Each subject was asked 
to collect a 24 hr urine sample the day before arrival at the hos- 
pital. The first morning urine was discarded on the first day, and 
each void of that day was continuously collected along with the 
first morning urine of the next day. Fasting random urine volume 
of 10 ml_ was collected from the last voiding urine; therefore, the 
volume collected was the same as that obtained at the first morn- 
ing urine; this was considered the end of the 24 hr collection. 

Urinary calcium concentration was measured by an auto- 
mated chemistry analyzer using the o-cresolphthalein complex- 
one method with the Calcium C-test (Wako Pure Chemical In- 



dustries, Osaka, Japan). The solution was diluted with an ap- 
propriate volume of distilled water. Urinary creatinine was ana- 
lyzed by the same chemical analyzer using the standard Jaffe 
kinetic reaction with picric acid (Roche Diagnostic Systems, 
Inc., Montclair, NJ, USA). 

3. Calculations and definitions 

UCa/Cr (mg/mg) was calculated as random urinary calcium (mg/ 
dl_) excretion divided by random urinary creatinine excretion 
(mg/dL). 24hCa (mg/kg/day) was calculated by as the 24 hr uri- 
nary calcium excretion divided by body weight. Body surface 
area (BSA, m 2 ) was calculated according to the Mosteller for- 
mula [18]. Body mass index (BMI, kg/m 2 ) was calculated as the 
ratio between weight and the square of height. Children with a 
daily urinary calcium excretion of more than 4 mg/kg/day were 
considered to have definite hypercalciuria [9]. 

4. Statistical analysis 

Pearson correlation analysis and the ROC curve were used to 
assess the correlation between random and 24 hr urinary sam- 
ples. An ROC curve was constructed to establish the cutoff value 
of UCa/Cr that would be indicative of a high probability of hyper- 
calciuria in the 24 hr urine. A multiple linear regression model 
was used to investigate correlations among factors, including 
age, body height, body weight, BMI, BSA, 24hCa, and UCa/Cr. 
Statistical significance was set at P<0.05. All statistical analyses 
were performed with SPSS software version 20.0 (SPSS Inc., 
Chicago, IL, USA). 

RESULTS 

A total of 264 patients were enrolled in this study. In all, 187 pa- 
tients (70.8%) had microscopic hematuria and 77 patients 
(29.2%) had gross hematuria. The patients' age, body size, and 
results of the urinary evaluations are shown in Table 1. Age 
ranged from 3 to 17 yr, body height from 90.6 to 180.0 cm, 
body weight from 9 to 98 kg, and BSA from 0.49 to 1.97 m 2 . 
The mean 24hCa was 2.58±2.18 mg/kg/day. The mean UCa/ 
Cr was 0.10+0.09 mg/mg, and the mean UCa/Cr values ac- 
cording to each age group are shown in Table 1. 

Pearson correlation analysis was performed to assess the cor- 
relation between UCa/Cr and 24hCa. We found a positive linear 
correlation that was statistically significant (P<0.001). The 
Pearson coefficient (r) for UCa/Cr and 24hCa was 0.584, show- 
ing a moderate correlation (Fig. 1). In addition, the Pearson co- 
efficient (r) in 187 patients with microscopic hematuria was 
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Table 1. Clinical characteristics and laboratory variables of the pa- 
tients (N = 264) 





Mean±2SD 


Median (range) 


Age (yr) 


9.8 ±6.6 


10.0 (3.1-17.3) 


Sex (male:female) 


144:120 




Hematuria (gross:microscopic) 


187:77 




Body height (cm) 


136.2±41.3 


135.9 (90.6-180.0) 


Body weight (kg) 


35.4 ±28.5 


33.2 (9.0-98.0) 


Body mass index (kg/m 2 ) 


18.3+7.1 


17.6 (9.4-48.6) 


Body surface area (m 2 ) 


1.14±0.62 


1.13 (0.49-1.97) 


Urinary calcium (mg/dL) 


8.04+16.14 


5.44 (0.20-38.80) 


Urinary creatinine (mg/dL) 


101. 14 ± 130.7 


70.06 (7.60-391.60) 


UCa/Cr (mg/dL) 


0.10±0.23 


0.06 (0.01-1.07) 


3-4 yr (N = 26) 


0.16±0.48 


0.07 (0.01-1.07) 


5-6yr(N = 27) 


0.10±0.26 


0.05 (0.01-0.56) 


7-9yr(N = 75) 


0.10±0.19 


0.07 (0.01-0.43) 


10-17yr(N=136) 


0.08±0.16 


0.05 (0.01-0.42) 


24hCa (mg/kg/day) 


2.58 ±4.36 


1.99 (0.09-13.56) 


Serum calcium (mg/dL) 


9.2 + 0.8 


9.2 (7.9-10.4) 



Abbreviations: UCa/Cr, random urinary calcium/creatinine ratio; 24hCa, 24 
hr urinary calcium excretion. 
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Random urinary calcium/creatinine ratio (mg/mg) 

Fig. 1. Pearson correlation between random urinary calcium/creati- 
nine ratio and 24 hr urinary calcium excretion. The Pearson coeffi- 
cient (r) was 0.584 (P<0.001). 

0.597 (P<0.001) and 0.596 in 77 patients with gross hematu- 
ria (P<0.001). There were moderate correlations between UCa/ 
Cr and 24hCa in both groups. In the ROC curve, the most ap- 
propriate cutoff value of UCa/Cr for estimating hypercalciuria 
was 0.075 mg/mg (sensitivity, 77.8%; specificity, 64.3%; area 
under the curve, 0.778; P<0.001; Fig. 2). The positive and 
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Fig. 2. Receiver operating characteristics curve analysis of random 
urinary calcium/creatinine ratio. The cut-off value (marked with a 
black dot on the curve) of random urinary calcium/creatinine ratio 
for detecting hypercalciuria was defined as 0.075 mg/mg (sensitivity, 
77.8%; specificity, 64.3%; area under the curve, 0.778; P<0.001). 

Table 2. Multiple linear regression analysis of random urinary calci- 
um/creatinine ratio and clinical parameters (N = 264) 



Variables 


Coefficient B 


SE 


P 


Age (yr) 


0.000 


0.000 


0.266 


Body weight (kg) 


0.007 


0.007 


0.317 


Body height (cm) 


-0.005 


0.004 


0.236 


BMI (kg/m 2 ) 


-0.014 


0.007 


0.049 


BSA (m 2 ) 


0.006 


0.499 


0.990 


24hCa (mg/kg/day) 


0.031 


0.003 


<0.001 



Abbreviations: BMI, body mass index; BSA, body surface area; 24hCa, 24 
hr urinary calcium excretion. 



negative predictive values were 77.7% and 64.3%, respectively, 
for UCa/Cr of 0.075 mg/mg. The commonly used UCa/Cr value 
of >0.20 mg/mg for screening for hypercalciuria showed low 
sensitivity (sensitivity, 35.2%; specificity, 93.3%) on the ROC 
curve. The multiple linear regression analysis with a dependent 
variable of UCa/Cr and independent variables of 24hCa, age, 
body weight, height, BMI, and BSA revealed that BMI, in addi- 
tion to 24hCa, affected UCa/Cr with a low coefficient of determi- 
nation (r 2 =0.380, P< 0.001, Table 2). 

DISCUSSION 

Hematuria in children is one of the most common symptoms 
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caused by hypercalciuria [1]. Clinicians should consider the 
possibility of hypercalciuria in children with hematuria. Urinary 
calcium excretion is best measured with a 24 hr collection. Be- 
cause such collection methods are difficult to obtain in children, 
UCa/Cr has been often used as an alternative measurement. 
However, the correlation between UCa/Cr and 24hCa is contro- 
versial. Reusz et al. [19] reported a close linear correlation be- 
tween calcium/creatinine ratio in the first-morning urine sample 
and calcium/creatinine ratio determined from 24 hr urine speci- 
mens in 94 children. Alconcher et al. [20], however, found a 
weak correlation between fasting UCa/Cr ratio and 24hCa in 
220 school-aged children. Koyun et al. [11] reported a weak 
correlation between non-fasting, second morning UCa/Cr ratio 
and daily urinary calcium excretion in a larger sample of 269 
children. In the present study, UCa/Cr was not appropriate for 
screening hypercalciuria in children with hematuria. In addition, 
the commonly used cutoff value of UCa/Cr >0.20 mg/mg could 
not predict the presence of hypercalciuria in an ROC analysis 
(sensitivity, 35.2 %; specificity, 93.3 %). 

Several studies have reported significant age-related variations 
in UCa/Cr [13, 14, 21, 22]. Esbjorner and Jones [21] found a 
weak but significant negative correlation between postprandial 
UCa/Cr in a group of children aged 2-18 yr (N = 153). Sargent et 
al. [22] found an age-related decrease in UCa/Cr in children <6 
yr of age but did not specify the age at which UCa/Cr values be- 
came stable. Safarinejad [14] reported that the 95th percentile 
for UCa/Cr decreased progressively after 7 yr of age. Since cre- 
atinine is derived from creatine in muscle, its urinary excretion is 
dependent on the muscle mass of the subject [23]. Mori et al. 
[24] reported that urinary creatinine excretion depended on the 
sex and BSA in children. In the present study, UCa/Cr showed a 
decreasing trend with increasing age, although this finding was 
not significant (Table 1). BMI was significantly correlated with 
UCa/Cr in the multiple linear regression model (Table 2). How- 
ever, the regression equation, which included BMI, had a low 
coefficient of determination (r 2 =0.380). 

Urinary calcium excretion varies with age and is the highest in 
young children and reaching its nadir during puberty [25]. There 
are conflicting data in the literature concerning the correlation 
between urinary calcium excretion and sex. Seifert-McLean et 
al. [26] found sex to be a significant factor for calcium excretion, 
but other researchers have shown conflicting results [13, 27, 
28]. Slev et al. [28] reported that sex difference was not signifi- 
cant for calcium excretion, but boys had lower concentrations 
than girls in the corresponding age group. Individual variations 
in dietary calcium intake may also be a source of the variation in 



urinary calcium excretion. Additional factors, including geogra- 
phy, race, water source, exposure to sunlight, and even season, 
have been proposed to influence urinary calcium concentration. 

Recent studies on the correlation between UCa/Cr and 24hCa 
have been concerned with healthy children. The hypothesis of 
this study was that UCa/Cr might be more closely correlated with 
24hCa in patients with potential hypercalciuria. In a recent report 
that enrolled 50 adults with calcium lithiasis, researchers found 
a strong and positive linear correlation between the random fast- 
ing and 24 hr urine for calcium/creatinine ratio according to 
Pearson correlation analysis (r=0.725, P=0.0001). In addition, 
the cutoff value of calcium level in the random fasting urine for 
screening hypercalciuria showed high sensitivity in a ROC curve 
(cut-off value, 10.15 mg/dL; sensitivity, 89%; specificity, 59%; 
area under curve, 0.765; P=0.003) [10]. When targeted at 
adults, random urine samples might be useful for screening hy- 
percalciuria in patients with calcium lithiasis. However, in the 
present study, UCa/Cr showed relatively low sensitivity and speci- 
ficity for screening hypercalciuria in children with hematuria. 

The present study has several limitations. The major limitation 
is that we did not have a group of normal children for compari- 
son. However, when our data were compared with previous 
studies including normal children, there were no great discrep- 
ancies in the area under curve or coefficient of determination. 
Another limitation is that other symptoms, such as a dysuria 
and abdominal or flank pain associated with potential hypercal- 
ciuria, were not included in the study. To our knowledge, no re- 
ported studies have evaluated the correlation between UCa/Cr 
and 24hCa targeted to children with hematuria. 

In conclusion, there is a moderate correlation between UCa/ 
Cr and 24hCa in children with hematuria. UCa/Cr is not suitable 
for screening hypercalciuria in children with hematuria. Twenty- 
four hours urinary analysis is crucial for the diagnosis of hyper- 
calciuria in children with hematuria. 
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